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Description

This invention concerns television cameras,
and relates in particular to such cameras using
solid-state image sensors and required to provide
a good image of a scene under all normal night
and day ambient light conditions.

Television cameras are widely used for numer-
ous purposes, and in many instances twenty-four-
hours-a-day viewing is required. However, over
such a period the ambient light level can vary
from 1074 lux {the darkness of a cloudy night) to
10** lux (bright suniight), and this creates a
problem because there is presently no single
image sensor which can cope with such a wide
range of light levels. It is therefore common
practice either to employ two different types of
camera and sensor (one for daytime, and one for
night time), or to use a simple night-time camera
and sensor but with optional filters for daytime
use, or to provide a source of illumination for
night time operation. Each solution is expensive,
and the latter obviously complicates the situation
when the camera is required to be hidden from
view.

A further alternative is described by GB
1382158A wherein an infra-red image from an
infra-red sensor is imposed on a visual image
from an visual sensor but such a system may lead
to the final image being difficult to interpret by an
unskilled operator. While apparatus according to
the present invention displays only the image
from one sensor at any time eliminating the
above problem.

The problems associated with size can be miti-
gated by using cameras that employ solid-state
image sensors instead of the more conventional
vacuum-type camera tubes. The former have
much smaller size, weight and power consump-
tion, and have the added advantage that the
camera head (incorporating a iens and the image
sensor} is a very small unit that can be separated
from the main camera body (containing most of
the necessary electronic circuitry) but joined
thereto by a small muiti-core cable both providing
the input drive supplies for the sensor and carry-
ing the video output signals to the camera ampli-
fier and video processing electronics in the main
control unit. This type of camera is commonly
referred to as a “remote-head” unit. An added
advantage of the solid-state sensors is that their
lifetime is virtually infinite, so that the frequency
of the necessary camera maintenance is signifi-
cantly reduced as compared with that for vacuum
tube cameras.

Cameras using solid-state image sensors can
cope satisfactorily with light levels in the range 1
lux to 10 lux (the normal daylight range) when
used in conjunction with an automatic iris lens to
control the amount of light incident on the sensor,
but they do not have sufficient sensitivity to
operate under night time conditions. in this latter
case it is common practice to provide amplifica-
tion of the illumination incident on the image
sensor by means of an image intensifier, which
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can be coupled directly to the image sensor either
using a fibre optic bundle or by means of lenses.
A camera employing such a combination of inten-
sifier and solid-state image sensor will provide a
reasonable picture in ambient lighting conditions
down to overcast starlight levels (10~* lux), but
naturally cannot be employed in its basic form in
daylight because the intensifier then becomes
overloaded, and possibly permanently damaged.
Attempts have been made to deal with this
problem—to extend the range of an intensifier-
using low light level camera to higher light
levels—by means of an arrangement of neutral
density optical filters which are automatically
moved into the light path in front of the intensifier
as the light level increases. This works, but does
not provide the full answer, for—unlike solid-state
image sensors (which, as mentioned previously,
have a virtually infinite life}—the life of an image
intensifier is limited to a few thousand hours of
operation, and is further reduced as the signal
current flowing through it is increased at the
higher light levels. For short duration applications
such a mode of operation is feasible, but for
continuous “‘round-the-clock” operation it is
uneconomic to employ an expensive intensifier-
sensor combination for daytime viewing. More-
over, the picture quality {usually defined by the
signal-to-noise ratio) obtained from an intensifier-
using low light level camera is not as high as that
from an unintensified camera. For these reasons
it is still common practice to employ different
types of camera for daytime and night time work,
despite the drawbacks of such an arrangement.
The present invention, however, puts forward a
solution to the problem that in itself carries no, or
substantially no, associated penalities. Speci-
fically, the invention proposes a camera incor-
porating both types of sensor—that is, two solid-
state sensors one of which is intensified and one
of which is not—in the same camera head, and
“switching” one or other into operation depend-
ing uopn the ambient lighting conditions. This
has not previously been practical with the larger
vacuum-type camera tubes, or with the relatively
bulky first generation intensifiers, but is now
possibie with the much smaller solid state sen-
sors and the smaller ““second generation”
microchannel plate image intensifiers.

In one aspect, therefore, this invention provides
a television camera of the type using a solid-state
image sensor, which camera includes:

a) two separate solid-state image sensors, one
of which is associated with an image intensifier
while the other is not; and

b) light switching means, for switching the light
received by the camera to the appropriate image
sensor dependent upon the ambient light con-
ditions. _

Although the camera of the invention may be
designed for use with any sort of (electromagne-
tic} radiation, most embodiments will be for use
with visible {or Infra-Red) light. For the most part,
therefore, the following description refers simply
to “light” for convenience,
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The invention may be employed in connection
with any solid-state sensor camera—that is to say,
any such camera may be fitted with a head
containing two sensors {one with an associated
intensifier) in place of its conventioal head. Such a
camera (examples are the EEV P4310 Series) has
an object lens (or lens system) that focuses light
onto the sensor, and an electronics package that
drives the sensor and reads its output, converting
the latter into a form suitable for the rest of the
television system of which the camera is but a
part.

Similarly, the sensor itself may be of any type
(and may, indeed, be responsive to radi-
ation—such as Infra-Red—other than visible
light). One such type, whose use is described in
more detail hereinafter, is the EEV P8602 solid-
state image sensor, which is a front-illuminated,
visible-light, frame transfer, charge coupled
device (CCD). Naturally, the two sensors need not
be of the same sort—one might be more sensitive
than the other, or might respond to different
radiation.

The camera of the invention has a head that
incorporates two separate image sensors, one of
which is associated with an image intensifier.
Though in principle the intensifier could be of any
variety, and could be associated with the sensor
{so as to pass its intensified image light output
thereto) in any way, in practice the intensifier is
very preferably (because of its small size) of the
type known as a “microchannel plate” intensifier
linked with the sensor by a fibre optic bundle. An
example of such an intensifier is the EEV P8306,
which incorporates a fibre optic bundle (on its
output side} onto the output face of which the
sensor can be directly mounted (conveniently by
means of an optically transparent glue).

According to the invention, light switching
means are used to cause the light received by the
camera to pass to the image sensor appropriate
to the ambient light conditions. Thus, if the
ambient light level is high {or at least sufficiently
so that the sensor associated with the intensifier
is not required) then the light input is switched to
the sensor not associated with the intensifier.
Similarly, if the ambient light level is low (or at
least so low that the non-intensifier sensor cannot
give a decent output) then the light input is
switched to the intensifier sensor.

The switching means itself may be any such
means capable of causing the light input to the
camera to be passed either to the one sensor or
the other, as required. Most commonly such a
means will consist of one or more mirror and/or
lens that can actually or in effect divert the
incoming light in the appropriate plane to one or
other sensor. For example, as in a conventional
single-lens reflex photographic camera a mirror
positioned so as to reflect incoming light along
one pathway may be mechanically swung out of
the light path so as to enable the light to proceed
via a second pathway. Alternatively, a similarly-
swinging mirror may in one position reflect the
light along one pathway and in another reflect it
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along a second pathway. In another possibility a
fixed but semi-silvered mirror may reflect half the
light along one pathway while allowing the rest to
proceed ““through” the mirror along a second
pathway. It is even possible to have a single
pathway and to switch the two sensors (one with
its intensifier) in and out of this pathway as
required by physically moving them appro-
priately.

In one possible embodiment a ’‘singie-lens
reflex” mirror system is employed in which the
light reflected off the mirror forms an image on a
ground glass screen, and it is light from that
image that is passed via a secondary focussing
lens) to the non-intensifier sensor, while with the
mirror “up” the light passes directly to the inten-
sifier/sensor combination. The camera could, of
course, be designed so that the illumination
passing through the lens was focussed directly
onto the non-intensifier sensor, and was deflected
towards the intensifier sensor, but this is not so
satisfactory since there will be a certain loss of
illumination in the deflecting optical system, and
it is essential to ensure that the low light level
sensor receive the maximum possible amount of
light.

In a presently preferred embodiment there is
employed a “singie lens reflex”” mirror system
wherein the light reflected off the mirror forms an
image directly on the non-intensified sensor,
while with the mirror “up” the light passes
directly in the intensifier/sensor combination. A
correctly orientated image may then be supplied
to the display either by employing a suitably
arranged and operated sensor (it can be back-
illuminated, or read out in reverse) or by a
subsequent electronic manipuiation of the image
data.

The position of the moving optical component
switch means can naturally be controlled in one
of several different ways. One such way is to
employ a solenoid-operated mechanism acti-
vated by a photoelectric cell when the ambient
light level reaches a particular value. An alterna-
tive, and preferable, method is to sense the
amplitude of the video signal output level from
one or other of the two sensors (whichever is
currently “on”) and use this to control the switch-
over. These sensing methods can also be used to
interrupt the power supply to the intensifier when
it is not in use, in order to maximize its life.

The invention permits the construction of very
small, compact video cameras requiring only a
single lens and power supply but capable of
providing “round-the-clock” viewing without the
need to provide an external source of illumination
while ensuring optimum picture quality at all
times and also maximizing the image intensifier
lifetime.

Various embodiments of the invention are now
described, though only by way of iilustration, with
reference to the accompanying drawings in
which:—

Figure 1 shows in diagrammatic perspective
view the principal components of a camera head
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for a solid-state sensor camera according to the
invention;

Figures 24, B and C show diagrammatically
variants of the optical system arrangement of
Figure 1;

Figure 3 shows a diagrammatic perspective
view like that of Figure 1 but of a variant like that
of Figure 24; and

Figure 4 shows a diagrammatic side view of a
modified version of the arrangement of Figure 3.

The embodiment of Figure 1 is one in which the
incoming scene illumination, after passing
through the camera lens, is either focussed
directly onto the input window of the image
intensifier coupled to a first image sensor, or is
directed onto the second image sensor by means
of an optical system one member of which can be
moved in to or out of the light path in front of the
intensifier.

The incoming light (here from an object in the
form of the letter “F’) passes through the
objective lens (OL) and is (or is not) deflected by a
moveable opaque hinged mirror (HM) from the
pathway to the first sensor (charge-coupled-
device CCD,, which is mounted on the exit win-
dow of an image intensifier 1i) to the pathway to
the second sensor (CCD,). Along the lafter path-
way it forms a real image on a ground glass
screen (GGS), and the image is used as a
secondary object, its light being sent, via a fixed
mirror (FM) and a fixed focus lens (FFL), on to the
second sensor CCD,. During daytime operation
the hinged mirror is located at position “A’ at 45°
to the light path, while during night time oper-
ation it is located in a horizontal plane in position
“B”. The image intensifier 1l is therefore shielded
from light when not in use.

With the hinged mirror HM in position “A” the
object (F) is imaged onto the ground glass screen
GGS situated in a horizontal plane at a distance
from the centre of the 45° mirror FM equal to that
from the mirror to the intensifier input window.
The image on the ground glass screen is reversed
in one direction by the hinged mirror HM, with
respect to the image that would be formed on
CCD,, so that the second fixed 45° mirror FM and
focussing lens are required in order to restore the
final image on CCD, to the correct orientation. As
shown, it is also necessary to rotate CCD, through
90° with respect to CCD,.

In the arrangement of Figure 1 the readout of
each of the two CCDs has been organized (as
shown by the arrows) so that their outputs are
suitable for use with a conventional TV display
system without further modification. It is poss-
ible, however, to read out each CCD’s contents
differently, and by so doing enable the optical
components to be simplified. Such an arrange-
ment is shown in Figures 3 and 4 discussed
hereinafter.

The components used in the three other poss-
ible optical arrangements of Figures 24, B and C
are the same or similar. In Figure 24 the use of a
divergent lens (DL) to increase the back focal
distance allows the removal of the ground glass
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screen, etc., of Figure 1. In Figure 28 the Figure 1
hinged mirror HM is replaced by a fixed semi-
silvered mirror (SSM), the light to the two CCD
sensors then being controlied by electro-optic
polarisers (EOP,, EOP,). Finally, in Figure 2C the
hinged mirror HM in Figure 1 is replaced by a
centrally-pivotted mirror (PM).

As shown in Figure 3, the rather complicated
optical arrangement of Figure 1 can be simplified
down to a single hinged mirror if the direction of
charge readout from CCD, can be made to be
opposite to that from CCD;. This will neutralise
the image reversal introduced by the mirror, and
the ground glass screen GGS can then be
replaced directly by CCD,.

At |east three methods are possible for revers-
ing the direction of charge readout from CCD,.
Firstly, the CCD can be physically reversed, and
the image formed on its back surface through an
aperture in the ceramic package. Secondly, the
CCD can be designed with an ampilifier at each
end of the horizontal readout register—so this
output register can be read in either direction.
Finally, there may be used electronic reversal
techniques on the “right-way-round’” image data
after it has been read out.

A limitation of the arrangement shown in Fig-
ure 3 is that the choice of objective lens is
restricted to one that has a sufficiently long back
focal distance in order to provide clearance for
CCD,. As shown in Figure 4, this can be overcome
by employing a long fibre optic window (FOW) in
the imaging area of CCD,, with the front surface of
the fibre optic positioned at the image focal plane.
This is the presently-preferred embodiment of the
invention.

Claims

1. A television camera of the type using a solid-
state image sensor, characterised in that the
camera includes:

a) two separate solid-state image sensors
(CCD;, CCD,) one (CCD;) of which is associated
with an image intensifier (li} while the other
{CCD,) is not; and

b} light switching means (HM), for switching the
light received by the camera to the appropriate
image sensor dependent upon the ambient light
conditions.

2. A camera as claimed in Claim 1, charac-
terised in that each sensor (CCD,, CCD,) is respon-
sive to visible light or to Infra-Red.

3. A camera as claimed in either of the preced-
ing Claims, characterised in that the intensifier (If)
is a “microchannel plate” intensifier linked with
the sensor by a fibre optic bundle.

4. A camera as claimed in any of the preceding
Claims, characterised in that the switching means
consists of one or more mirror (HM, FM) and/or
lens (FFL) that can actually or in effect divert the
incoming light to one or other sensor (CCD,,
CCD,).

5. A camera as claimed in Claim 4, charac-
terised in that the switching means includes a
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mirror {HM) positioned so as to reflect incoming
light along one pathway, which mirror can be
mechanically swung out of the light path so as to
enable the light to proceed via a second path-
way.

6. A camera as claimed in Claim 5, charac-
terised in that a “single-lens reflex” switching
means system is employed in which the light
reflected off the swingable mirror (HM) forms an
image directly on the non-intensifier sensor
{CCD,), while with the mirror (HM) “up” the light
passes directly to the intensifier/sensor combina-
tion (Il/CCD,).

7. A camera as claimed in Claim 7, wherein the
light is directly reflected onto the non-intensifier
sensor (CCD,) through a fibre optic window
(FOW).

8. A camera as claimed in any of the preceding
Claims, characterised in that the position of the
moving optical component switching means
{HM)} is controlled using a solenoid-operated
mechanism activated by the amplitude of the
video signal output level from that one of the
two sensors {CCD,, CCD,) that is presently “on”.

Patentanspriiche

1. Fernsehkamera mit einem Festkdrper-Bild-
sensor, dadurch gekennzeichnet, daf3 die Kamera
enthélt:

a) zwei separate Festkdrper-Bildsensoren
(cCD,, CCD,), von denen einer (CCD,) einem
Bildverstarker (ll) zugeordnet ist, wahrend der
andere (CCD,) dies nicht ist, und

b) Lichtschaltmittel (HM), um das von der
Kamera empfangene Licht in Abh&ngigkeit von
den Umgebungs-Lichtzustanden dem jeweils
angemessenen Bildsensor zuzuschalten.

2. Kamera nach Anspruch 1, dadurch gekenn-
zeichnet, daf’ jeder Sensor (CCD,;, CCD,) fur
sichtbares Licht oder fur Infrarot-Strahlung emp-
findlich ist.

3. Kamera nach einem der vorangehenden
Anspriiche, dadurch gekennzeichnet, da der
Bildverstarker (ll} ein ‘“Mikrokanalplatten-" Ver-
stédrker ist, der mit dem Sensor durch ein opti-
sches Faserblndel verbunden ist.

4. Kamera nach einem der vorangehenden
Anspriiche, dadurch gekennzeichnet, dall das
Schaltmittel aus einem oder mehreren Spiegel(n)
(HM, HFM) und/oder einer oder mehreren Lin-
se(n) (FFL) besteht, welche tatsdchlich oder in
Auswirkung das einfallende Licht auf den einen
oder den anderen Sensor (CCD,, CCD,} ablenken.

5. Kamera nach Anspruch 4, dadurch gekenn-
zeichnet, daf® das Schaltmittel einen Spiegel
{HM) enthait, der so angeordnet ist, daf’ er einfal-
lendes Licht l&ngs eines Weges reflektiert, wobei
der Spiegel mechanisch aus dem Lichtweg aus-
geschwenkt werden kann, umso das Licht {iber
einen zweiten Weg fortschreiten zu lassen.

6. Kamera nach Anspruch 5, dadurch gekenn-
zeichnet, da ein “Einzellinsen-Reflex-"’ Schalt-
mittelsystem benutzt ist, bei dem das von dem
schwenkbaren Spiegel (HM) wegreflektierte Licht
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ein Bild direkt an dem nicht verstérkenden Sen-
sor {CCD,) bildet, wahrend bei “oben” befindii-
chem Spiegel (HM) das Licht direkt zu der Kom-
bination Verstarker/Sensor (lI/CCD,) durchlauft.

7. Kamera nach Anspruch 7, bei der das Licht
direkt auf den nicht verstarkenden Sensor (CCD,)
Uber ein Faseroptikfenster (FOW) reflektiert wird.

8. Kamera nach einem der vorangehenden
Anspriiche, dadurch gekennzeichnet, daf} die
Stellung des die optische Komponente bewegen-
den Schaltmittels (HM) unter Benutzung eines
magnetbetéatigten Mechanismus gesteuert wird,
der durch die Amplitude des Videosignal-Aus-
gangspegels von dem einen der beiden Senso-
ren (CCD;, CCD,) beaufschalgt wird, der gegen-
wartig “an’ ist.

Revendications

1. Caméra de télévision du type utilisant un
capteur d'image du type état solide, caractérisée
en ce qu'elle comprend:

a) deux capteurs d'image du type état solide
séparés (CCD,, CCD,), dont I'un {CCD,) est asso-
cié 3 un amplificateur de luminance (ll) tandis
que 'autre {CCD,) ne I'est pas; et

b) un moyen de commutation de lumiére (HM),
servant & faire commuter la lumiére regue par la
caméra vers le capteur d'image approprié en
fonction des conditions lumineuses ambiantes.

2. Caméra selon la revendication 1, caracté-
risée en ce que chaque capteur (CCD,, CCD,) est
sensible & la lumiére visible ou a la lumiére
infrarouge.

3. Caméra selon I'une ou l'autre des revendica-
tions précédentes, caractérisée en ce que I'ampli-
ficateur de luminance (ll) est un intensificateur
du type “galette de microcanaux’’ lié au capteur
par un faisceau de fibres optiques.

4. Caméra selon I'une queiconque des revendi-
cations précédentes, caractérisée en ce que le
moyen de commutation est constitué d'un ou
plusieurs miroirs (HM, FM) et, ou bien, d'une
lentille (FFL) qui peuvent, réeliement ou bien en
fait, dériver la jumiere entrante sur ['un ou 'autre
des capteurs (CCD,, CCD,).

5. Caméra selon la revendication 4, caracté-
risée en ce que le moyen de commutation com-
porte un miroir (HM) placé de maniére a réfléchir
la lumiére entrante suivant un premier trajet,
lequel miroir peut étre mécaniquement basculé
hors du trajet lumineux de maniére & permettre a
la lumiére d’empreinter un deuxiéme trajet.

6. Caméra selon la revendication 5, caracté-
risée en ce qu'il est employé un moyen de
commutation du type systéeme "“réflex a un seul
objectif”, dans lequel la lumiére rélféchie par le
miroir basculable {HM) forme une image directe-
ment sur le capteur (CCD,) non associé a 'ampli-
ficateur de luminance, tandis que, lorsque le
miroir (HM) est en position “haute”, la lumiére
arrive directement & la combinaison ampiifica-
teur de luminance-capteur (Il-CCD,).

7. Caméra selon la revendication 7, ou la
lumiére est directement réfléchie sur le capteur
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(CCD,) non associé a I'amplificateur de luminance
par l'intermédiaire d'une fenétre a fibre optique
(FOW).

8. Caméra selon I'une quelconque des revendi-
cations précédentes, caractérisée en ce que la
position du moyen de commutation (HM) a com-
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posant optique mobile est ajustée a l'aide d'un
mécanisme a solénoide qui est activé par I'ampli-
tude du niveau de sortie du signal vidéo venant
de celui des deux capteurs (CCD,, CCD,} qui se
trouve présentement “en marche”.
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